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(54) ELECTRONIC DEVICE AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electronic device 
that has an electrode which is jointable at a low temperature, 
and can increase the junction strength of the electrode. 
SOLUTION: In a semiconductor device (an electronic device) 1, 
a liquid phase diffusion junction layer 56 is interposed on an 
electrode 110, having liquid phase diffusion metal at least on a 
surface layer to joint a metal bump electrode 40. Copper or the 
like is used as the liquid phase diffusion metal. The liquid phase 
diffusion junction layer 56 is made of a first metal layer 52 for 
junction, that is combined (liquid phase diffusion) with the liquid 
phase diffusion metal, and a second metal for junction that 
decreases liquid phase diffusion temperature. Tin or the like is 
used as the first metal layer 52 for jointing, and bismuth or the 
like is used as a second metal layer 53 for jointing. 
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i tfljtif, mi ©&"£ffl&Jll-l4, 9 7S 

I n - 3 JSi=-% A g> 52 1^% I n - 4 8 
Sn, 5 0. 9®^% I n-4 9. lff%Sn, 5 7 
%B i - 4 3H^% S n , 5 8 jjj^%B i - 4 2I§ 
f%Sn, 5 51K*%B i -4 5If%P b, 55. 5 
H^%Bi-4 4. 5l?%Pb, 3 3. 3Sf%B i 
-6 6. 7 !&■?■% In, 6 7J^ : f%B i -3 3S^-%I 
n Sf© "tc^s 8 0 % I n - 1 5 HiF-% P b - 5 
JS-f-%Ag, 4 6®^-%B i - 3 4H : F%S n- 2 OJS 20 
?-%P b3?©=5£-g-&, 4 9JI^-%B i - 2 1 Wt% I 
n - 1 8 P b - 1 2 ISt-T-% S n ^OETC-g-^^ 

*;h,ft„ SfeKl, *10»#IAIi52l:i4*5*A 
(Ga) t*tfit*"C* 6. 

[00 54] (3) 

WttBBlfcSBV^C, &2©g-£ffl&SB5 3©$&2© 
B*JH£*fctt\ B iOttfc, '>4<tbAgfL<tt 
I n, XI4B i , Ag«L<l4I n ©Vvf *l:o>££j£# 

[0055] m2<D$m<oim) *&m<om2<o$m 30 

»KBL - I LBiVp. ) *aSr«ffl-*--5JN»fl«B 

[0 0 5 6] [¥B#§gB©«&] B 1 4 5 
fc, *55M©»2©HJiS©JKj«»iffi5BL- I LB*S; 
*:«ffli-5*i»**B2M:, 117 0 1:, g«7 0±© 

f-y 7) 2 0 t , ¥gtt3§^- 2 0 5«&8tflg 3 40 

2t, *&<*m*2 oz&m-rzxT-jvi— 3 1 1* 

B*.T*BS*vC^ft. Sfefc. JHM«6B2tt, Sffi 
7 0©5Slc:gEKSnfc^gp4g^ 7 2±lC^Ea^-yua 
S4 l*B*.Tl**. 
[00 5 7] StS 7 0 ICI4, #S893©8 1 ©££©»B 

B?-?SBtfBftdtl, 1 5 0t:~3 0 0tO 

a. 

[0 0 5 8] S« 7 0 ©J5®± (BfTflSB) £14 y so 
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-K7 ia*ERS*fCV*$. r.©y-K7 1tt, B5*L 
ft***, Bl (A) fcSM-y-KEBi liWBfc** 
SI 6*ft&Z&X&&7 0©»ffiW*»3*VC^ft. 
&Kl0©<p*8B# 2 0©r^yhS«) 

mttMn 7 OHfcWLTisO, roBBP70HCiiy- 
K 7 1 1 ©-«g<l!l2S®ffi (tr-J» y — K) 7 1 Oi LT 
^fflSiVCVft. l©i(i7 1 Oil, C« 
ffij x rgn©H&j xii r^2©mffij ©-ftffcWc 
^©rfc-a. *E7o©Bia«»K*Jv^y- 

K7 1 ©ffefflftllli^gPS^ 7 2fc««ttl::«B£iVCV* 
ft. y-K7 lBtffc*iifc-#ttfc«jfc3*vfc«fi7 

1 0 ttBftfiBttKBili, a»o«tttt»AB-C*>6W;l 
liCuSRSrUfflWlcffiffli-ftrtiis-et, ^©CuS 
Kl40!J;tl42 0 fim©KJr?J&*£»VO*ft. y-K7 

i ©'># < 1 1> mm 7 1 o ©^Bi-ttflfB&a, c u it> 

o#MS^£tTV\ ^$7 i 0©^ffifi£Rma x 14 
0. 2/»mWTIiKS$itftwtasjf*LV. fl-SBiSB 1 
72KI4, y-K7 1fcWBfc, B*.«Cu«B*:2lflI 

[0 0 5 9] Sffi7 OfcJSVvf, BBBl4y-K7 1© 
m&7 1 0©B«*»#y^-^^ KB 7 4 Kit) 
BBSJvCV'S. 

[0 0 6 0] ¥*ficB? 2 0 14, «S9I©® 1 © JitS© 
BBKBS^BftB^ 2 0fcWB-e*>9, *©£®£8 

?vb$*rCV>ft 0 2 0©±ffifcl4B»©# 

yf^^yKfti) 2 l#ER£JvCl*S. 
[0 0 6 1] -?:LT, Bl 4&T/B1 5 (C^-fi; 5 
*»W©»2©jl»©»Bfc«ft¥B*BB2fcS3^T 
14, ♦JSWwBiwBBojgBfcBS^BffBBi tBJ 
BK. '>fc< t t>BBBI-«ttlt»AB (0iJxl4Cu) 

^*i-ft y — k 7 1 ©as 7iot, ffiftifiB&B, r. 

©Biait»ffeBfcns-&S*ftBi©»^-fflAB 
Sn), XWB«tt»ABiBi©B&fflABt©<l:-S' 
»S4-Tlfft»2©^ffl^Jg (CTx«Bi) 
it^tf, H1S7 l 0±©?gf8t£fc&£-Jl5 6 jKffi 
&»B£S5 6±©^^7'BB4 OtSrB*., ?Sffil£ 

»^S5 e&tf&zO':/®^ o tSr^fiE$-&r®ffi 

7 i ot^^zoo^yr-f^^ K2 1 t© 

m#««tta»oBBttfc«»3ivo^ft. 

® 5 614, »^I4, WM7 1 0±©Cu 3 S nd^'ift 

8 1 ©B£J1 5 6 A i , r©^l©S^S5 6 A±©C 

uiSns i>b*ftS2©B^S5 6Btlwi?»«^$ 

nxv^ft,, 

[0 0 6 2] 2 OW^yf^X^y K2 1 

k&'<>7m&4 0i©rai4/<y-¥p<^/WS5 5?r^ffi 
UTS^^o^tftWlcg^-^iaTVNft,, Bi4lc*-f 
J; p fc. *?»;^2 0©'M< ttiB (Sf^fiK 
B) tt»a«fIB3 2lci9BBSiiTV>ft. c©«S« 

«b 3 2 ici4^^.tf^ y-< 5 b'mmm&mmmz&R-tz 



(8) 



2001-274201 



13 



14 



[0063] -<Dto\mfc£ftz>*m<n%2<»m 

SIS 7 l o 

g&$*u3fe©&'^^® 4 o i©rBl©»Kfflffifci-± 

5»-g-jBftS:*2©S^'fflA« (fl*.tfBi) fci0T 
If, ftj83i*o»*oilO«*3MCt*20j(f*«A*fc 
J:9K»«ii#-C#*»"C» *m*©»»* 

2 ro®S D °p a * h timet & - 1 *° 
[0 0 6 4] [j|y»#3fi«o»6*ft] *t» *£51© 

1 6 RtJ 5 !! 1 7 

[00 6 5] (1) *»WO*20»t©JWiK«** 
©Sfl^fBfc******* 1 ©«6*8si 
costs (tr-^y-K) 7io©SB±nli^ffl 

gftS («itfSn) 5 2, * 2 («*• 
fiBi) 5 3©^ft^ft&l | K#^>&"*"2 , ° 
[0 0 6 6] (2) *ffi##5f<r-'4 r J« (H16# 
KB.) 6 0K»V^t, )Jpf-^6lJ:K7x^7 

i^-e***** 2 o zmmtz. ***** 2 0 

fcisv>-cr*, 4 K2 1 -t^ 5 
«5 5 &^§*r^>^«ffi4 oaMERsnfcK* 

fcfcS. 0 1 6 1^1" ± 5 fc, »»*7-i?6 

S^fcgaSi-So w©&ttft©ESK*9, ***** 

200*^^ K2 l±l^/^7-mS4 0 Sr 

[0 0 6 7] (3)017^1-^51-^^*^- 
,W6 2fcJ:9«R7 0»«*7 10©*® (01 7*-t 
ASS) £»&-f 5 ttt> l'»BE t . ***** 2 0 © 
3j . vf ^*O< J ,K2 1i**7 0fflttf7 lOfcOB 

5„ *oif, Bllji©i5t^2©^ffl^®5 3ic 

±°»Mfc£«*:&W bilfc*«t*JV^«S7 1 OWC 
ufcJBl rog^ffl^mi 5 2 © S n k aMfc*T5*»tt 
fete* 9, «i7ioiA^v^«i4 0fcoPlfc«tt 
tEScS-a-S 5 6 #&jiteix. r©»fflfe»^l 5 6 IC 

w*«e**3ft*. m**t-v>6 1, tarns? - 
^6 2© j t*t j e*t©»***** B: ' 7or~2oot: 
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[0 0 6 8] (4) 3|M»fl**2 0©±iBtt»*-*« 
««HR3 2ft»Jj«-a (H14#IB. ) . ««»»3 2 
14, fljtlirFWHfefcJ: 9 . fflg7 0 ©+*»»©!« 
p 7 0H*aUT«*.tf«»tt«r*i-5* !,> ' ? K*» 

*S =. k fc ± 9 »*■*" 5 - W * *• 
[0 06 91 (5) JMM|E«^2 0*r«IL,«l1-*^ 

©**©»•«:«*¥***« 2 *rfc«3*5 ^ fc 
10 #6 (Hi 4#H8. ) . 

[0 0 7 0] (6) r©&, **#36«2©SS7 0© 
fl.gWF-7 2£*ffl3ff— J^WM* li s ^c?H5. 
[0 0 7 1] C©i 5 ft*»H©» 2 ©**©#«£* 

ffiS£«t&m (Cu) t^l©«^ffl^S^ (Sn) 5 2 
tOit^S. (j&tf&mifiaO Ir* 2 cb 
i) 5 3lc£9Tlf S-i^-C-f 5©t?, ®1S7 1 Ok 

&/<y?mS4 o t©PB^©a^as^T r if-c©fiS^' 3 

[0 0 7 2] (S3 ©**©»» *»«©* 3 

[0 0 7 3] H18CSH-J:5K, *»B©*3©** 
©»«K«5****«3»4, 97 {.979- W 8 0 
Air, -o^^8 0A±t7*-f^Ty^**re^*> 
i^*t,fc*****2 0k, f^2oro#yf^ 

V^rfy K2 lfctfvj'-f V^!7-f + 8 
^_ y _ K#«ftttKStt£Hfc U — K 8 0 B k , 97 
8 OA, ^($^2 0S:t/y-K8 0B©^y+- 1 J 

[0 0 7 4] #3£^©!S3©^te©^flll-* 3V> " c > ^7 
8 0 ARt^'J ~ K 8 0 B ttW- 'J - K7 U- 

S V *fc t © 5r***^S 3 ©Sii^ p * ^ 

Uru«ffiUfct>©T?*>5. c©#^8 0Aat;y-K8 

OBlCli, t»e*ttK«vfcCu«, Cu& 

&WL ftsy^ (F e-N i) #4S»«r*ffi«C* 

t>^^8 0 A©^ffiSl-C u 9 yv Kltr»*bfct>«> 

[0 0 7 5] Hy»***2 0tt**B*t»«^»5 6«:^ 
^S*T^^8 0AlcS^$n-TV>5„ »tBi£»S^» 
5 6 It, ±lB*3£^©m 1 ©KliS©^<il-«^***^ 
glk^l-. ^y8 0A±©Cu3 Sni»5)45$l 
rog-a-15 6Ak, r©*l©85^»5 6A±©Cu6 
Sn5*»bft*JS2©S^*5 6Bi, *b»wfl{2©» 



30 



50 



^S56B±I-CU3 Sn^fctt5Sf3 0«*J15 6C 
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fc*rfll*.T*Wt3ivO**. 12 1 9 K^TH o lc, 
ftfg^ 0©^^8 OA±^©-r£V hBtT. -fftfe*)® 

tastftftiasaic^vN-ctt, *7*8 o a ±f;:«ffia:s&;s5 

I54A. SSl©&3-ffi&ES5 2A, £2©&-&ffl& 

2 0©»ffi±fciSftifc»&fll!5 4B, »3©&£ffl& 
MM 52B, m 4 ©8£ffl&JBJf 5 3 B ©-t^^lB 

H>«s$ill3|Cj3V^, &tSttft&m®5 4 A, 54B© 
JHieftfctt, f^ttlkfcirc*>a«*.tfCu«>-9* 1 
«r»««K«[«i-6ifc^-e*5. SR 1 ©8£ffl&JSS 
5 2 A, %3<7)&-&%&mmS 2B<D*tl?tl\Zti s * 

4 £i Sfefc, &2©8<g-ffl&JSS5 3 A, 

£4©8£ffl&JSJl5 3Bfcf4, #3691©® 1 ©2U6© 
JBfcfcH&S^fcfrSlI l ©IS 2 ©g5£-ffi&JRJl 53iB 
«KB i ft-atJiSrUfflWKfeffi+Swiras-CtS. 

[0 0 7 6] mft&WMMte. mx.\il 50t~200 
tWfflSfciS^T, 1 0 3TOD$-t<5w£IC < fc9, $2 
©&-£-ffl&MS5 3AlCtoT^iaS^Tlf bfrttft 
1X^^8 0 A±©iKffit£St&JgJf 5 4 A t % 1 rog-g- 

m&mm 5 2 a t £fc3-£-tt\ g 1 ©g^i 5 e A&t* 

leg 2 ©&3-J1 5 6 B 0>-»«r£j*i-5 £ i: , SB 

2 0 <Dmm±<om#mm&mm 5 4 b 

t » 3 ©&£ffl&Jll 5 2 B t Srfb-g-^-Br, SB 3 roJ£-£ 

1 5 6 2 ©Ste-s 5 6 b <d& 9 ©-&&£*& 

1- 5 £ t t , >£ffiffi«c8-&/f 5 6 r t # 

[0 0 7 7] ft**, jSteffitt&JUJf 5 4 A, 54B, I 

1 ©S-S-ffl&JgJI 5 2 A, I2©^MI15 3A 1 
IS 3 <D&&m&®M 52B, g 4 ©g-g-ffl&JKJi 5 3 B 

a 1 trw n* 

[0 0 7 8] *891©J|l3©ltlfi©$1ft£{j|l3¥Wtt£ 
■'3KftlvC. 2 0£*7*8 0Ai:©Ri]l4« 

2 0 r «1SJ tUTtffiffl^n, 

2 0 ©8®l4w©StS«Sii©&i&&£3tt* 

[0079] tfyTjyfvj-ts 1KI4, 0tJx.f4Au 

[0080] 8tJii»itas8 2(^liWxtf^?Sft<4©3i^ 
*V3R«HB*JWBttKttffl+6it**-C*, C©»«» 
±35 8 2li h 7^* 7 7*-^ KifcK± 9 J£#$*u-CVn 

[0 0 8 1] c©4 5lc«fig$iT,a#3S9§©Jil3©#a 
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K«5*i»«:K*3lwJsv^T«, #35W©JSl©0lte© 

»tiic«s**fl««i, *»w©»2©jat©»»t 
tts¥*fcSB2©**veft*waH^ (mm 8 

«s) ir©ra©««ffi»^i5^iaa* 

112 ©Steffi AJM (MtfBi) 5 3A&tf£4©8 
£ffi&JRS5 3 Blwi UTtf> **3*»o3li*©W©g|^ 
Sfifi 2 ©8teffi&<BJl 5 3 A&tfH 4 ©g5£-ffi&jg 
®5 3 B Kit) 5. ^t, *7*80 

=?4 V/©flg?r^Jx«3 0 OtJfilTOftiiafcRJfe-f 
l«flW- 3 BMB«ri5.» tUTV^s, #3e9l©S3©* 

mammK.timm.imm 3 ic*jv^ri40y^.«»+s>© 
^^2ot^7*80At ©ra©iStt*tits-&'s 5 6 tm 

egtelcffiftTv^©-?, &Maft©ffii*¥*#§£ll3 

20 [0 0 8 2] (»4©JU£©«fflD #f§9j©f54©2l;66 

-tz,i><oxhz>. 

[0 0 8 3] H2 0 izm-r 4. 5 *^K©g4 ©HIS 
©^ffil-#5^->'i'^>'7'f vfr u^m'A^M-ti 

¥*#8B4»4, S«9 0t, S;R9 0±©FC^-e 

0©»ffiKE»5*ifc^WWHf 9 2±lc^ffl^-/u®ffi 
30 4 1 S:(ix:TV^5o 

[0 0 8 4] StS9 0ICI4, ac^=¥^lSIMStS, iT7 

9oosi± (ia4 ] ±ffi!i^®) tiiy-KEi»9 lasffi 
k$htv5. r©y-KE^9 114, la^u/iv^s. 

Ell (A) lC*-fy-KE»l 1 *4ttE 
$*T£S9 0©S®ICg*$ixTV>5. y-KB»9 

1 2ot ©s^as^ttrnffi 9 1 0 1 Lxm 

ffl$i^•cv^5. r©«®9 1 014, 

ffij . rgiromffij xtt rg2©Sffij ©-*#«ic 

40 »(t-f5t©-efc5. y-KEi&9 K4SS9 lSrKii 
i-Z&imMlte 9 3 Srii tT^SPiffl^ 9 2 dm&ttlcg 

fgsi-vo^. y-KEi8i9 i^t/ic^ni--»Mi-« 
fi£$ixfcag9 l 0 l4B^e£t4Kgft, *»o«taitis 

z.<DCumm\tmz.ti2 o nmtommxM&ztix 

v>2>„ y-KEi^9 1©'>^< itmffi9 1 0©SSIi 
WWSaS, Cu»o#«iS^S:tfV\ «ffi910©& 
Sa$Rmaxl40. 2 u mSlTK®%2ixZ> ^ tt>W 
*tV\ ^SCJg^f- 9 2 1114, y — K5L&9 1 tl^JfiSIC, 

so MKi-icumm&nRtoK&m-tzzt&xz z> 0 
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[0 0 8 5] ***** 2 0 tt, *»W©» 1 ©HSi© 

[0 0 8 6] tU. *«WOj|4 03WI©JWit«* 
10fc, }£fflfciS(&JSL 

Hi (Wtfsn) , »tflMfltt*A»i 

« 1 ©S^ffl&JS fc ©fls£***Trf 5* 2 
A (flitrXB i) itStf, S«i9 i o_t©& 

mmsm set, mvm** 5 6 -t®*'^ 

ffi4 2fc^fttti9 1 0i*«**f2 0©* 

1 oi®Cu3 Sni>b45H®^S56Ai, £ 
fflf 1©MI5 6A_L©Cu6 Sns *»fe«**2W 
Jg-g-J§56Bi, Sbt*20Wl56B±OCu. 

S [0 0 8 7 ] 13 2 1 IC^i- J: 5 fc, ***** 2 0 

Ttt, ij-KE*9 1©4>fc<i:t>«B9 10±fc*l 
©igijB&JRSS 2 A, SS2©«-&ffi&*5 3A©**V 
«uW««ftita*VC:»0 ,«/^tS4 2±l:i3 so 
rogt-a-ffl&JS! 52B.I4 ©«*JB*M 5 3BM 

OTMMW&a* cu»ot«a«»*trv\ m®9io 

©ilftJRma xttO. 2 m m£TFK:K££*<*> - * 
#»SU^ ;^«©*4 ©**©#«£#**!**** 
S4ICJ3V>-C, *1 6 2 *3©Ste 

ffl^mi 5 2 b ©***&&». *3&sn©8 i ©*£« 
#flicfts*w<ts* i ©ss i ©«£-ffl&£« 5 2 * w 

5 3 B fctt, #3II£©S& 1 ©gft©**!-****** 

m©»2©»fi'fflAiiS5 3tmmcB i©o#i£ 

[0 0 8 8] 03x121 5 0t:~2 0 0 

«C©a*£*WC, l0fJ>IBJB»1-S-i:K*9, *2 
©&£■«&£! 5 SAfcioTflsaaflEtfTtf feixfctf 

S!-c««9io©»ttlSSt^Jll (cu) iHiolWfl 

^©S-S-lSeBOHSSr&JiH"*-**"?*' ^ 4 
©«*JB*M 5 3 BKJ:oTflS*««*»Tlf b*tfc* » 



^•C^/<^7-mffi4 2©&ffi&»&JS^ 3 ©8^-ffl& 

2 ©ste-s 56Boao ©-wt^i'S ' fc a* - ?* « 
5 6 srjtaati-a r. t as-et *. 

[0 0 8 9] fc*5, J»l 5 2 A, »2© 

ig£ffl&JR!5 3A, £3©8£ffl&M15 2B, IS 4 

©«*jb*m s 3 bmmpw»w^^ 
■ch:, *38E©!& i 1 T * 

[0 0 9 0] «*lf2 0^y7 ! ^^y K2 1 
[0 0 9 11 -©±5fc«J*3ft**»«®* 4 ®*« 

fc«5JMWM»4KS8v^-cr*, *36B©*i®**«> 

a«s*bSfto«i^v^m«4 2 t ©«©*»«*£* 

2 ©*M1*IUK«1 4 ©*^ffl**fc i 5 *» 
5CtiS-et5©t?, »fi» tm^©i»&&«* T,f * 

»5:t^-i5. »K, *»W©*4©«6© 
^9 2fc*B*->MMi («*.W»A«* 180lc) 4 

« 9 0 K***** 2 0 & # V 7 s -f V ^ - i * 

*i o 092] (» 5 <o%v&<om) *m ©S& 5 ©HJS 

4©{Sffl0JT-fc'9, #-*#yf^^Wlttt* 
fflU d>offilS©*****^«^ Lfci1i ^ ;ei;;1 

[0 0 9 3] B22fc*i-J:5fc, *»W©*5©«* 

5aws*tfc**©**#»* 20 1 

^20 1~2 0 4Sr«lftbfc«S:»W^*^ * 
©a«**l44*KBJS**vf ^ ^^.»28«^ 1 6m 

2H£9 0©«ffiCiEK$nfc^SPffi*9 2±©*B*'- 

/W®g4 1 £tix.-CV^ 0 
[0 0 9 4] Sffi9 0lCtt, **W©*4 ©«*©»» 

jc#S***SB4©S«9 omm<D^<»i:®.R1rZ> 

[0 0 9 5] ***** 2 0 1-204 
^^©S 1 ©^JS©^!S75S*|g^©m4 ©*JS©Jgli 
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&ffi\znm-tt>nmm'oytim4 2 i#er*h, n 
2 0 2 \zttnmm^yyMm4 2 2 a*, 

2 0 3 ICt4Sii^/<V7'mS4 2 3 ^ 
2 0 4 (C|4Siiffl^>'7'l|ffi4 2 4 i^ilfJli 

#31^2 0 He i — tfJoilciORiia^jSU ~<n 

ii^/^>-ymffi4 2 1 (D^ftSl^ 2 0 1 <£>^ffi{Mii£ 10 
WLfcWM 21Ai SffiffiSt^WLfc 
«fii4 2 1 Bi LT<£ffl$ti.-CV^. Pm&lc, MMM'* 
1/7®M4 2 2©^*^2 0 2t0^ffiflJ(4mffi4 2 
2Ai LT<£ffl£*V Kffi*l4m*4 2 2BfcLTttfll 
S*VTV^, »ii^>'7 , ®1i4 2 3C0^{*^2 0 

3rog®«iiimffi4 2 3 At trttffl^n, mmmm 
m4 2 3Bt t-c&ffl^ft-o^. ^a^vyaiS4 

2 4 ©¥*#$?• 2 0 4 <7>&miMttW& 4 24Ailt 
flWHSfU gffififlli®ffi4 2 4Bt LTttJBSftTV* 
5. 20 
[0 0 9 6] ^HP>WSil^ < >'7 P fli1S4 2 1~4 2 4 

<D*ti?tuut. mm.fcmmc&ti y a^mnmm^m 

•C*>5Cutt*«rl!fflttlctt«i-Srt^-et5. Kii 
W'<>^®ffi4 2 1 ©®JI4 2 1 A, 4 2 1 B, RjI^ 
/<V7 p fl;ffi4 2 2tf)iS4 2 2 A, 42 2B, WMfR'* 
y/tffi4 2 3mIi4 2 3A, 4 2 3 B , HS^y 
~^WM4 2 4 <DWM4 2 4 A, 4 2 4 B ©-SriX-eft-O^ 

RmaxteO. 2 nm&LTKtBtfeZtlZZbiW&L 

\\ ^9*^2 0 1 fcfc^Ttt, *S<NKtt&4 2 1 30 

A, gffiflaiw«!ffi4 2 1 Bfcflli-CV^ro-C, 7i-f^ 

m#%*2 0 2~2 0 4 fc.oV>Tfc 
[0 0 9 7] -5rLT, #3§91©f55 ©It;6£©fl5$l;:#3 
^5 fcteV^Ttt, #3glE©Sg4©||;6£© 

?8tfSi£»&JSS (WjttfCu) tr*i-«9-KBIK9 1© 
®JI9 10i, »ftfc«&JR, roftffittlftAfltft^ 
£-Br3Sgl ©8£-ffl&M («itfSn) . St/jSffittic 40 

i: S& 1 t ©fls^aft £ T If 5 S& 2 © j$ 

£-ffl&JS («*.liB i ) i t*tf, ii9 10 

±©i8tl8;ft«£JB 5 6^ w<D»tttfc*8te« 5 
6«r4h£*tfT««9 1 0 i¥$ft3&^-2 0 l©iffi4 
2 1 Bi©W#«fttta»ott*ttfc»«3ilT^5. ffi 
fS&ft&^Jl 5 6 14, *369!©SU©3it£©»ffi»::#3 
¥****4fcW*K, HBStt, «£9 10±©Cu3 
SnK46UlO«*l56Ai, C©Sgl©g£-® 
5 6A±WCue Sns fe* i S 18 2 ©&£-j§ 5 6B 
t, 3felCg$2©8teJl5 6B1WCU3 Sni>e>45 so 
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[0 0 9 8] 2NWWH-2 0 l©g«9 0^C^yr-f 

&9 l©'>fc< itflffi9 1 0 JhfcJR 1 ©g-g-ffl&MJl 
5 2 A, |g 2 <F>&&m&m 5 3 AW-fcfl-eixasJIHW&fc 
^TfcD. sMMMHF-2 0 1©««4 2 lB±lt»3 
©g-g-ffl&JUJI 52B, SB 4 Ojg3-ffl&MJ§ 5 3 BW-t 
ft€ix;MSfc^j£i*»VO'>3 (0 2 1#J&„ ) . SgfBi£ 
St&Stt, 0S;tlil 5 0t~20 OtWi&gfciS^-C, 

1 0 CHQAlfni-fi w tlcj; 5 % |g 2 ©gteffi&RJg 5 3 
AKJ:o?ft6-a*iSTtf 5>HfcWCtS9 l 0©& 
fBi£»&JR (Cu) iSSl©8£-ffl&JgJl5 2At&it 

mi <nm$m 5 6 amincsr 2 ©g-g-g 5 6 b 

ro-gPSr^-fS-t^-Ct, »4©8£ffl&JgJ§5 3 
BICioTft-g-fflg^TJf ?>nfc^®-Cmii4 2 1 B© 
ttttttttftM (Cu) iffS3©8£ffl&JRJl5 2Bi& 

m 3 ©«*■ 5 6 cmmz.% 2 ©&£ji 5 6 

B 9 «tSfi£»S^S 

[00 9 9] 2 0 1 ©®BI4 2 1 A 

t 2 0 2 ©IMI 4 2 2 B t ©W, 

2 0 2©mffi4 2 2Ai¥SMi L 2 0 3roIi4 2 3 
Bfc©IH, ^i^2 0 3©tffi4 2 3Ai^M 
-f 2 0 4<Dm,m4 2 4Bfc©F B 1©V^-flXtJStait»:S5^ 

[0 10 0] r©«£ 9f-«fiS;$4a5*^^©IS5cO!lt® 
Iwfii 5 i? zl -yu 5 t*3V >T ©IS 4 © 

J 5:Hl^a$HS^ft:Sgi : -2 0 l©«ffi4 2 1 Bt© 

n, *i^f2 0 l©Si4 2 1At^ft^2 0 
2©m&4 2 2Bt©ra, 2 0 2Wig4 2 

2Ai^*ft:^2 0 3©Sffi4 2 SBtWlSI, 

if2 0 3©S«4 2 3 Ab¥&#%*2 0 4©«1i4 
2 4Bt©ffl©atsa:«ICJ;Sg-g'tag?r, ^2©g-g- 

ffl&MSU!»4©g-&ffl^S (0ilitfBi) lcj:t)T 

U%4<o&&R)&miz£'omtbZZ.btf-?%Z<, Sfo 
T, 3 0 0'CWT©<£fig^n-fc*£SU!!-f£- t^T? 
#•5. *»M©»5©3llS©JB«8fc«5¥^** 
v^-/W5 ^C*JV^T 14, Sffi 9 0 Wfl-SBSSFP 9 2 IC^B3 
#-/u®ffi4 1 Sr^fi£L7cmi-, rco^B3^-/umffi4 

*-5©-e, s«9 o\z*m#m : f-2 0 1~2 04^* v 

V^g-Cttx5©T, fWMf 2 0 l~2 0 4©*r*l 

[0101] (^6 ©^ig©^fll) #3&M©& 6 ©Hig 
©^®I4, *%W©lg4©^iS©mi!SI-«5 i i i ^ftSa 
4 £*SS9?©SS 5 © jUfiC^ttKflli****^*-^ 
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[0 10 21 B2 3K*i-*5fc, *»W©*8»«« 
2 0 t t«itfc*»l««4 *, 

ss«iL-ciNi*»i^s. ««««•»««; 

*#««4©«R9 0««ffiCKK ******* 9 2 

10 10 3] ^a-*6«)*WWI^«« 

9 o fc ****** 2 0 2: 4 

icftl * Jifc*»(M» 4 Mttt-WEWHS 9 o o i 
D*fttt*oS«»fc8«3*v^*' 

[01041 +H5ifc»6 90011 20 

4ro s«9 o kw««>*m-«J**^»* rw * B,::m 

t90 l, «BWW9 0 2fe»*" HS9 0 1*90 
2 i 0WH«IHUB»9 0 3 fc* 9 ^ 
«H90 1. 9 0 2O*ll«lO*4<"« i 

■ Ktt«W««l*««- fc « t ** l ' < * 
JR6©*tt©»ttfc**^ *« 9 0 1 * 9 0 2 ^ 

[0 10 5] !MWH»4Oi«9 0Oti9 11fct 

now* 9 o o <omm<onm 9 0 2 1 

«»S9 0 0»«Bli»«i9 0 1i:*«««4^ 30 
g9 0« («*> 9 2»*MT»W>IW*> *» 
UK*** 5 6 i 5 8 fc i -9 HI* 

[0 10 61 iOiSfc*****^"®* 8 *** 
gg4<DSffi9 0C0«ffi9 1 1 i*ftK*«**<**l« 

1E&&&9 0 orom®9 0 2 t©iH. ^ raises® 9 0 
ocS s9oii *m*mn 4 »«s 9 0 9 

■JtlWM (WitfBi) CtOTIf. . * 

OK**^ 30 

[0107] at 7 **w 7 ®** 

i oHoiMXt^ -Mi*** - * *® 

A. |tt Hfl -J- ^ t> (0 T? $> 6 o 

[01081 *391©SiS 7 OfdftCflWtt. - 



Si 1 o©*B»Wfls (Wft******"** 

[0 10 91 **W#*s«*bfca«W5S«-J:^ * 

4 0 0^ IftftiM* 1 0 * ««* 5 0 
MP .o^TK»v^ttt»*«B«3 m»»» 

0 2 Mm, atsttSfii^^wo ot, a a 

W 1 0», 5 OMP a »*ttTK^t 

[0H01W.WH o»P-W ** 
wfc^iioMKitfo-ct *v^u mm 1 oo*«± 

ST^^S5 2^2^^R15 3^ 
[ 0 1 1 1 1 J: 5 fc*£fJ©£ 7 

* 0 1121 (I8«»ii) **"°*"2fl 

«>*«». ^i«»^««W« 
1 bs*»m©« 4 ©£&©^1£l^**^£ S4 ^ 

j3V^WB»W**«5e. 5 8©**l€*l©8*3* 
[0 113] «l^8C*t®»- 

iossi o^msi 1 omvmm&awzm® 
i± 1 0 o-c- 3 0 0 •cwttsAfcas^-c 1 M m~ 2 0 m 
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[0114] 02 5tt.m#&wiim<o&-&&&biem& 
mm&m<Dm&&&k<og&mi*Lx^z. 025*, 

f— 9 (A) 14, ESCu?gK±l-4 MmWMJ¥<DS n 

l rogf-g-ffl^M) , l/jmrolffroB i (S2©& 
-g-ffl^JS) ro^Mii^Ml, ZWCB i[^±^ifi]A- 

fcffiffiffif&&£-Jl©$H4-C;feS. 8^1110^ 8 
•g-J!JDSl4 5 OMP a-Cfo-5,, tTF, r©2M$l4l^--e*> 
3„ 7-9 (B) 14, ®fl?C u?g^±IC4 nm<omm<D 10 
Sn, 1 /im©KJ?©B i ©*tv€;ix£^fiStU Z^K 
B i |3l±3:|6];S i V'>-cHi\ Sft¥C uJSKPifcSfc-S-fr-fr 
fctt^^J&Lfc&tB&ft^Ji©^?*)*.. 7-9 
(B) Kifc^T, 7*-* (A) 1-/«tfc>1bEEjiCu?gBS-r 

ftt£«&£Slc:^Tl4;*#fc^»gfc#5 r i a*-? 

[0 115] 0 2 5fcf4, ffi®Cu?S^±lC4 ^ 

m©I^J¥© Sn, 1m m©^J?©B i <DZtl^tl&Mf8. 
U l©Bil;Au (^0-^*14 01^=831-5) & 

— * (a) iLt, H/SCuf5K±lC4 jmrolfCS 
n, 1 ^mWlfWB i ©^ft^tlSrTlM U :©B i 

a u sr«fa^-t>*fc«tt-c^* Lizmmzmm&mn 

(b) i: tr^UTV^S. x-* 
(b) fcifc^T, T — 9 (a) •ffctofcBEBCuMRfc 

<v^«H"Ci*v>«« , 3*««:#Srfc*-e**. Wit, 2 

[0116] roi5iw«rt*ix***w©jl8 03Wt 
^fttaxiJ^ft^^a -yu (Iff 

B»Srl«aBi-5rt^-C*SO-C, ®ffii£»&£-®©« 

[0117] (t©tt©nifi©»ii) *3sgf3i4±K«& 

[0 118] *89!li. t1P-#-K, K— £ 

K«f©n«£fi±«^*i6M©s i 
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[0119] s&it, #339314, «waotM > emRtt 

ffc5t7v^^ (AI2O3) 

[0 12 0] £©±51::, *»Wttrrt?l4fE*tTV> 
fcv>»*fc*16©»IB«*£tr£itt*5tt-C*>*. tto 

li«a38W4$J£*JSK:± o T©*5£fe feftS fc©Tfe 
5. 

[0 12 1] 

[3S9!©®*] #359314, ttflAKtti^TttfrTOtt* 

[0 12 2] SfeK, #$e?l3l4, L&V> 
0A. *flW©«BfcJ:0, Max hSrS'>1-5-t 

[0 12 3] #319314, £|6]± 

££#-?§, «tt©£-£ffi©*ftft*>ottt*ttflrffi 
tt£|6]±-f 3 £ t -Sm-T-^M * fr«frf 5 - 1 

[0124] ^bic, #389314, ®&o©&-a-£<&iag 

[0 12 5] *mW\*^ SSifa^ h^'>-f-5 

[0®©«*4SiW] 

[01] ;WW©* 1 6 #-*^yy 

Kru-f«iS«r»ffli-S*|i8MHfilllwi3V^T, (A) (4 
^Eit^V7 f -<>'^m©llffiSi5^©fe>:«S0, (B) 

[H2] *»W©*l©3llfi«>»IBKfllS#-A'^5s' 
KT H , «itSrggffli-5^^fi©»fSSii[a-Cfc 

[13] (a) nm (o ii*?g^©mi©^Jfi©^ffi 

[H4] (A) (C) I4*%^©m 1 ©Stfi©^® 
[0 5] *^W©mi©HiS©^ffii-«2>?Ktte:Kg^ 

[0 6] *anoflU0?ttt0»ftfcfli*¥*flc3iB«> 

IS»fffi0Tfo5 o 

[0 7] 0 6lC^<*%^©Sl©*IS©«lilCft5^ 
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[0 8] HTKIKsWSW©* 10 **®**^** 
[09] H8(C^<*^W«l^*tS (7) ^ , ^ 5i,£ 

[010] H9t«E<**W©* iro ** rojB * ,C ** 
¥£ft£B© X@#f®0 "0 *> £ . 
[0111010 fctt< 1 ©*HO*»fc* 

[0121011 fctt< 1 
5^#:^e©Xg»r®0^S>5. 10 

[0i3]0i2 ic«< *3893©8 i <h%i&wmvM 

[0 1 4 ] 2 03ttfcO»«K«4 a*-** 'J 

y FT 

[0151 *3BWO* 2 #-' rt '^ ,J 

[0161 2 ^A** 

©XS»fffi0-r-fe5o 20 

[0171016 l£«< *3S93©S& 2 ©**©»ttK* 

[018] ♦awcWSoWSoJBttfc******* 

[019] *»WO»30«l«)»«t«S**»8i 
toSSP<oXS»f®0"C'fo4<, 

[02 0] *»W©*4©JUt«>»«K*6 1 l H *»«* 
©»f®#it0tffc4o 

[02 11 *»M(0»f4©*«©»«»-«* i » i *#** 
<DSSB©Xg»r®0t-fc2)„ 30 

[02 2] *»WO*50WtO»«fc«* i W**« ? 

[02 3] *»B©*B©«©»«fc*5 1 NMI 5 * i; 

[0 2 4 ] 1£m<»% 7 ©Sllt©»«»wff 
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i~4 ¥*<*SB 
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1 0, 7 0, 9 0 

110, 710, 910, 421A, 421B, 422 

A, 4 2 2B, 4 2 3A, 4 2 3B, 4 24A, 424 

B, 9 0 1, 9 0 2 
11,91 V - FEU 

1 2, 7 2, 9 2 ft-fitf® 1 !- 

1 3,9 3, 9 0 3 g 
20, 201-204 ^fcX* 

2 1 rfV^-fV^yF 

4 0 &'<-s7W& 

4 2 «'<V^«8i 

5 2, 5 2A «10«*fl«l 
5 3, 5 3A MS2©&£ffl&BB 
5 2B g53©«£J8&Ml 

5 3B JM©^^** 
5 4 A, 5 4 B Jtft&JRJB 
5 5 /<!)+y^A'Ji 
5 6 fcffifcffcSte* 
5 6A $1©8£B 
5 6B £2©&£Ji 

5 6C fS3©&£l 

6 0 fgUBM^W V^SSB 
6 1 fiDf**^ - 

6 2 *0ME^-^ 

7 1 , 8 0 B y - F 

8 OA 9~f 
8 1 

8 2 «JB»Jh» 

4 2 1, 4 2 2, 4 2 3, 424 JtiM'<V?m 

9 0 0 #RSliH#l&t5 
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